Synaptic development, function and plasticity are highly regulated processes requiring a precise coordination of pre-and postsynaptic events. Recent studies have begun to highlight Wingless-Int (Wnt) signaling as a key player in synapse differentiation and function. Emerging roles of Wnts include the differentiation of synaptic specializations, microtubule dynamics, architecture of synaptic protein organization, modulation of synaptic efficacy and regulation of gene expression. These processes are driven by a variety of Wnt transduction pathways. Combined with a myriad of Wnts and Frizzled receptor family members, these pathways highlight the versatility of Wnt signaling and the potential for combinatorial use of these pathways in different aspects of synapse development and function. Wnt transduction pathways: a brief pre´cis Exciting roles for embryonic morphogens of the WinglessInt family (Wnt) beyond those in early pattern formation are beginning to emerge. These include roles in axon guidance, dendrite morphology, synapse formation and plasticity [1, 2] . These studies make a clear case for Wnt function in post-mitotic neurons, and highlight the multitude of mechanisms activated by Wnts within the nervous system.
The Wnt pathway has pivotal roles in defining positional information in the embryo. Misregulation of this pathway is linked to cancer, and the pathogenesis of Alzheimer's and Huntington disease [3, 4] . The best studied Wnt transduction cascade is the canonical pathway, in which Wnt binds to its receptor Frizzled (Fz) in the receiving cell (Figure 1a,b) . This binding activates the postsynaptic density-95/DiscsLarge (DLG)/zona occludens-1 (PDZ) protein dishevelled (DVL), which disrupts a so-called 'destruction complex' containing glycogen synthase kinase-3b (GSK-3b), Axin and adenomatous polyposis coli (APC). In the absence of Wnt signaling, this complex constitutively phosphorylates b-catenin, leading to its proteasomal degradation. The binding of Wnt to Fz disrupts the destruction complex, resulting in cytoplasmic stabilization of b-catenin and its import into the nucleus [5] . In the nucleus, b-catenin associates with lymphoid enhancer factor (also known as T-cell factor) (LEF/ TCF) transcription factors to regulate transcription. Additionally, b-catenin can bind to cadherins [6, 7] , but this function is not discussed here.
Two non-canonical Wnt pathways have a role in development: (i) the planar cell polarity (PCP) pathway, in which Fz acts through Jun N-terminal kinase (JNK) to regulate the cytoskeleton (Figure 1e) , and (ii) the WntCa 2+ signaling pathway, in which Fz activation leads to increased intracellular Ca 2+ and nuclear import of the transcription factor nuclear factor of activated T cells (NF-AT) [1] (Figure 1b) . Thus, alternative Wnt pathways are utilized to specify pattern formation during development. Although the final output of the canonical and WntCa 2+ pathways is the regulation of gene expression, the PCP pathway controls planar cell polarity by modulating the cytoskeleton.
Vertebrate Wnts as retrograde signals during synapse development
The first hint that Wnts might function in synapse development originated from the discovery that Wnt-3 is expressed in Purkinje cells in the developing cerebellum during neurite outgrowth and synapse formation [8] . Direct evidence emerged from work on cultured cerebellar granule cells (GCs), which express Wnt-7a in vivo during synaptogenesis with mossy fibers (MFs) and Purkinje cells [9] . Adding WNT-7a to cultured GCs increased axonal spreading and branching, as well as enhancing the clustering of the synaptic vesicle protein synapsin-I, particularly in spread axonal areas or in growth cones [9] . Thus, Wnt signaling seemed to regulate synapse development by modulating the cytoskeleton and presynaptic protein clustering.
It was subsequently reported that the secretion of WNT-7a by GCs regulated the formation of synapses between presynaptic MFs and postsynaptic GCs, which together make up multisynaptic glomerular rosettes [10] . MFs from pontine explants grown in GC-conditioned medium displayed increased axonal area and growth cone size, in addition to complexity, features typically observed after MFs enter the cerebellar cortex and contact GCs [11] . These changes were mimicked by the addition of soluble WNT-7a or the GSK-3b inhibitor lithium chloride (LiCl), and blocked by the Wnt antagonist secreted Frizzledrelated protein (sFRP) [10] .
The underlying mechanism of WNT-7a-induced axonal remodeling was elucidated by labeling microtubules (MTs), which revealed that WNT-7a caused MT unbundling at regions of axonal spreading and growth cone enlargement
